To identify the effects of sertraline, a selective serotonin reuptake inhibitor, for the treatment of premature ejaculation (PE), changes in brain current-source density (CSD) of the high beta frequency band (22-30 Hz) induced by sertraline administration were investigated during audiovisual erotic stimulation. Eleven patients with PE (36.9 ± 7.8 yrs) and 11 male volunteers (24.2 ± 1.9 years) were enrolled. Scalp electroencephalography (EEG) was conducted twice: once before sertraline administration and then again 4 h after the administration of 50 mg sertraline. Statistical nonparametric maps were obtained using the EEG segments to detect the current-density differences in the high beta frequency bands (beta-3, 22-30 Hz) between the EEGs before and after sertraline administration in the patient group and between the patient group and controls after the administration of sertraline during the erotic video sessions. Comparing between before and after sertraline administration in the patients with PE, the CSD of the high beta frequency band at 4 h after sertraline administration increased significantly in both superior frontal gyri and the right medial frontal gyrus (Po0.01). The CSD of the beta-3 band of the patients with PE were less activated significantly in the middle and superior temporal gyrus, lingual and fusiform gyrus, inferior occipital gyrus and cuneus of the right cerebral hemisphere compared with the normal volunteers 4 h after sertraline administration (Po0.01). In conclusion, sertraline administration increased the CSD in both the superior frontal and right middle temporal gyrus in patients with PE. The results suggest that the increased neural activity in these particular cerebral regions after sertraline administration may be associated with inhibitory effects on ejaculation in patients with PE.
Introduction
The mechanism(s) and cause(s) of premature ejaculation (PE) remain poorly understood despite its high prevalence. In early studies, PE was believed to be primarily a psychological condition. However, the evidence supporting this assumption is scant, and pharmacological and neurobiological studies in human and animals strongly indicate that PE is a neurobiological dysfunction. Both serotonergic and dopaminergic neurons in the central nervous system (CNS) have a primary role, with secondary influences from several other neurotransmitters. 1 It has been hypothesized that altered levels of serotonin or serotonin receptor sensitivity in the ejaculatory modulating centers of the CNS constitute the pathophysiological basis of ejaculatory disorders. 2 The selective serotonin reuptake inhibitors (SSRIs) block serotonin (5-hydroxytryptamine; 5-HT) reuptake, resulting in increased 5-HT neurotransmission and activation of postsynaptic 5-HT receptors. SSRIinduced delayed ejaculation and anorgasmia are probably related to increased central 5-HT neurotransmission and activation of postsynaptic 5-HT receptors.
Current-source analysis of electroencephalography (EEG) is an electrographic functional imaging method to identify the current source of brain neuronal activity. It is a computational and mathematical algorithm that analyzes digital EEG data. The discrete model of current-source analysis is a method to determine the exact location of currentsource dipoles with strength and orientation data. The distributed model is a method to identify the location and extent of current-source distribution. Low-resolution electromagnetic tomography (LORETA) is a distributed model of current-source analysis. 3, 4 Studies of neurocognitive function using EEG data have focused on the frequency band 420 Hz. Human EEG studies have demonstrated that cortical high-frequency activity is topically enhanced during various cognitive processes. 5 Complex cognitive tasks ignite neuronal cell assemblies and activate neuronal network loops. During language processing, a loop between Broca's region and Wernicke's region is activated. 6 When PE patients were sexually aroused, the neuronal activity in the right precentral gyrus, the right insula and the superior parietal lobules of both cerebral hemispheres may be suppressed. 7 The neuronal oscillation is equivalent to a circulating frequency of 25-30 Hz. In contrast, higher-frequency oscillatory cortical activity, in the range of 40-60 Hz, is seen in less widely dispersed cell assemblies. 8 The highest frequency band can be analyzed by LORETA as a high-frequency beta band (22) (23) (24) (25) (26) (27) (28) (29) (30) . The analysis of this frequency band can be helpful when evaluating neurocognitive functions during various situations.
On the basis of the role of 5-HT neurotransmission in the physiology of ejaculatory control and possibly in the pathogenesis of PE, and because SSRI antidepressants have the well-established sideeffect of delaying ejaculation when used to treat depressed patients, currently marketed SSRIs such as paroxetine, fluoxetine, and sertraline, which increase synaptic 5-HT concentration via blockade of 5-HT transporters, have been investigated in numerous clinical studies for managing PE. 9 Paroxetine and sertraline have provided significant benefits in patients with PE, either via daily administration or on-demand use before intercourse, and fluoxetine has shown some efficacy for PE as continuously dosed therapy. 10, 11 Sertraline achieves peak plasma levels within 4-6 h and has a relatively long half-life of 26 h, allowing on-demand and oncedaily dosing, and is highly potent. 12 In addition, it has a higher selectivity than fluoxetine and paroxetine for blocking the reuptake of 5-HT. 13 To identify the effects of the SSRI sertraline for treating PE, changes in brain current-source density (CSD) of high-frequency beta bands (22) (23) (24) (25) (26) (27) (28) (29) (30) induced by sertraline administration were investigated during audiovisual erotic stimulation.
Materials and methods

Subjects
This protocol was approved by the local ethics committee of our university hospital. Before the study, the participants were interviewed to assess their motivation for participating in the study and to exclude anyone with a major medical disorder or history of drug abuse, psychiatric disorder or erectile dysfunction. All subjects received a detailed explanation of the study design and gave written informed consent. Eleven right-handed patients with PE (36.9 ± 7.8 years) and 11 right-handed healthy volunteers (24.2 ± 1.9 years) were enrolled. The PE diagnoses were based on an intravaginal ejaculatory latency time of o1 min and a self-report of low or absent control over ejaculation, resulting in distress for the participants, their sexual partners or both. The mean intravaginal ejaculatory latency time of patients with PE and controls, estimated by the patients and controls, was 45±6 s and 8.2±4.3 min, respectively. All patients with PE and the controls had normal erectile function (International Index of Erectile Function EF domain score X25). Five patients had lifelong (primary) PE, and six had acquired (secondary) PE.
EEG recording
The EEGs were recorded in a comfortable and closed room. A male technician attended each patient to monitor the EEG recordings and mark each of the time points for the experiments. Most of the patients feel discomfort under study conditions. This kind of problem can occur in almost all investigations using EEG, functional magnetic resonance imaging or positron emission tomography (PET). So, we tried to set comfort condition for this study.
All EEGs were recorded using 21 channels (Fp1, Fp2, F3, F4, C3, C4, P3, P4, O1, O2, F7, F8, T3, T4, T5, T6, Fz, Cz, Pz, T1 and T2) at a sampling rate of 400 Hz based on the international 10-20 system. A scalp EEG was conducted twice, once before sertraline administration and again 4 h after the administration of 50 mg sertraline in each patient or volunteer, as mean peak plasma concentrations (Cmax) of sertraline occur between 4 and 6 h after administration. The EEGs were obtained during a 5-min segment of watching an erotic video excerpt. The visual angles of the monitor used to display the visual stimuli were 30.51 horizontally, 231 vertically and 381 diagonally. Immediately after the EEG recording session, the participants subjectively graded their level of arousal by estimating erection hardness on a four-point scale.
Cross-spectral analysis using LORETA After recomputing to the average referential montage, five 5-s artifact-free segments were selected from each EEG recording (filter: 1.6-70 Hz) made while watching the erotic video excerpt. We used the data review and processing module of the brain electrical source analysis to obtain the data. These segments were then subjected to a cross- 15 The registration between the spherical and Talairach head geometries used the realistic EEG electrode coordinates reported by Towle et al. 16 The LORETA solution space was restricted to the cortical gray matter and hippocampus in the Talairach atlas, as defined by the corresponding digitized probability atlas available from the Brain Imaging Center of the Montreal Neurologic Institute. A total of 2394 voxels was produced at a spatial resolution of 7 mm under this neuroanatomical constraint. 3 
Statistical analysis
In each patient, five segments of 5-s epochs were selected from the EEG recordings made while watching an erotic video excerpt before and 4 h after sertraline administration. Thus, 110 EEG data pairs (22 subjects Â 5 epochs) were obtained. Paired sample t-tests were computed for the log transformed LORETA power at each voxel in the high beta frequency band (22-30/s) to evaluate differences between the EEGs before and after sertraline administration in the patient group. Similarly, independent sample t-tests were computed to evaluate differences in the responses to sexual arousal between the patient group and controls during the erotic video session after sertraline administration. Statistical significance was set at Po0.01 for all analyses. The voxel-by-voxel t-values were displayed as statistical non-parametric maps. Talairach coordinates, Brodmann areas and anatomical locations of areas and significant current density changes in music video and sexual arousal were obtained using the statistical non-parametric map.
Results
Erection responses to audiovisual erotic stimulation After the EEG was completed, the participants subjectively graded the level of sexual arousal felt in response to the audiovisual erotic stimulation according to an erection hardness grading scale ranging from I to IV: grade I ¼ increase in size but not hardness, grade II ¼ hard but not hard enough for penetration, grade III ¼ hard enough for penetration but not completely hard and grade IV ¼ completely hard and fully rigid. 15 In the patients with PE, eight and three patients graded themselves as III and IV, respectively, before the drug was administered at the first EEG, and seven and four patients graded themselves as III and IV, respectively, at the second EEG (4 h after drug administration). In the normal controls, nine and two males graded themselves as III and IV, respectively, at the first EEG (before drug administration), and one, nine and one males graded themselves as II, III and IV, respectively, at the second EEG (4 h after drug administration). The results of the McNemar test showed that the erection response to audiovisual erotic stimulation was not significantly different between the groups (P ¼ 1.000).
Effects of sertraline on CSD of high beta frequency band in patients with PE Comparing between before and after sertraline administration in the patients with PE, the CSD of the high beta frequency band at 4 h after sertraline administration increased significantly in both superior frontal gyri and the right medial frontal gyrus (CSD of PE group with sexual stimuli after sertraline administration-CSD of PE group with sexual stimuli before sertraline administration ¼ difference in CSD between before and after sertraline administration in the patients with PE; t-threshold ¼ 3.5385, Po0.01; Figure 1 and Table 1 ).
Difference in CSD of the high beta frequency band between the two groups after sertraline administration After sertraline administration, the CSD of the high beta frequency band of the patients with PE were less activated significantly in the middle and superior temporal gyrus, lingual and fusiform gyrus, inferior occipital gyrus and cuneus of the right cerebral hemisphere compared with the normal volunteers (CSD of PE group with sexual stimuli after sertraline administration-CSD of control group with sexual stimuli after sertraline administration ¼ difference in CSD between the two groups; t-threshold ¼ À3.2335, Po0.01; Figure 2 and Table 2 ).
Discussion
Although the control of ejaculation by the CNS is difficult to study in both humans and animals, numerous studies on the role of the CNS in ejaculation have been conducted in animals. However, physiological and behavioral differences between animals and humans make it difficult to directly apply the results to humans. Of the few Effect of SSRI on EEG of premature ejaculation patients OY Kwon et al studies in humans, most have used PET or functional magnetic resonance imaging, [17] [18] [19] measuring changes in cerebral blood flow or changes in oxygen concentration in blood flow to indirectly reflect neuronal activity. These methods are widely accepted, but their limitations must be considered. The current source of localization of EEG activity directly measures cerebral neuronal activity and may be better than PET or functional magnetic resonance imaging for detecting neuronal activity. There was a study in which digital EEG data were analyzed by LORETA to identify the active brain regions associated emotional processing. 20 Our study also adopted the analytic methods of EEG.
To know the effects of SSRI on PE, investigation of EEG changes in ejaculation (or orgasm) state is more appropriate than in erection state. But, because EEG is a very sensitive study, it is difficult to analyze the EEG change in ejaculation (orgasm) state. In particular, too many signals (muscle contraction, eye movement, fantasy and so on) are recorded in orgasm occurred within 2-3 s; interpretation of these signals may cause another question and debate.
Hence, EEGs were not recorded in orgasm state but erection state. To record the EEG in erection state, audiovisual erotic stimulation was used in this study. To support the reliability of this study, we did the erection hardness grading scale. 21 Using the scale, all the patients and controls subjectively graded the level of sexual arousal felt in response to the erotic stimulation. All of them graded their response to grade III or IV (grade III ¼ hard enough for penetration but not completely hard and grade IV ¼ completely hard and fully rigid) during the EEG taken before the sertraline intake. All of them except one graded their response to grade III or IV during the EEG taken after the sertraline intake. Just one of the normal controls graded as grade II (hard but not hard enough for penetration) after the sertraline intake. Duration of erection without penetration (without direct stimulation to the penis) and intravaginal ejaculatory latency time in PE patient are different from each other. Erection without penetration under the ejaculation threshold can be sustained for a long time. Although extremely severe cases of PE patients sometimes could not endure over 1 min, to get the good results, the patient who ejaculated in o5 min by audiovisual erotic stimulation were excluded from this study.
The most widely used SSRIs are fluoxetine, paroxetine, fluvoxamine, citalopram and sertraline. They all act similarly by blocking 5-HT transporters, thereby preventing 5-HT reuptake from the synaptic cleft into the presynaptic serotonergic neuron. This leads to elevated extracellular 5-HT levels within the synaptic cleft. On the basis of studies of patients with depression who were given an SSRI, ejaculatory disorders have been incidentally reported as Effect of SSRI on EEG of premature ejaculation patients OY Kwon et al side effects, and SSRIs have been used to treat PE. Since the first publications reporting the use of clomipramine. 22 and paroxetine 23 for the treatment of PE, numerous other studies have confirmed the efficacy of SSRIs and clomipramine for treating lifelong PE. [24] [25] [26] Sertraline at daily doses of 25-50 mg has been repeatedly reported to improve not only the ejaculation latency time in men with PE but also the control over ejaculation and sexual satisfaction, as evidenced by open-label and controlled studies that reported subsequent increased frequency of intercourse. [27] [28] [29] Similar to other types of SSRIs, sertraline reaches Cmax within 4-6 h following administration. On the basis of these findings, the current study used EEG to examine the effects of 50 mg sertraline on cerebral activation 4 h after its administration. 30, 31 Little is known about the mechanisms by which serotonin controls ejaculation in the cerebrum. However, according to animal experiments, serotonin concentration increases or decreases in a specific area of the cerebrum, and this delays or accelerates ejaculation. Little is known about the specific mechanisms of how SSRIs affect ejaculation. In our previous study using EEG in patients with PE, 7 we observed decreased neuronal activity in the precentral gyrus, insula of the right cerebral hemisphere and both superior parietal lobules during sexual arousal induced by an erotic video. In addition, the neuronal activity of patients with PE decreased in the right paraphippocampal gyrus and left middle temporal gyrus compared with normal controls. These findings suggest that the inhibitory control of ejaculation in the CNS may be impaired in patients with PE.
In the current study, we observed a similar functional decline in the brain as that shown in our previous study. Neuronal activity of patients with PE decreased in the middle and superior temporal gyrus, lingual and fusiform gyrus, inferior occipital gyrus and cuneus of the right cerebral hemisphere compared with controls. Thus, central control of the temporo-occipital area of the right hemisphere for ejaculation may be disordered in patients with PE. In a previous study concerning the ejaculatory control center of the brain using PET, neocortical activity increased in the inferior and superior frontal gyrus, inferior parietal lobule, inferior temporal gyrus and precuneus in the right cerebral hemisphere during ejaculation. Effect of SSRI on EEG of premature ejaculation patients OY Kwon et al According to our results, sertraline may not act in the disordered brain areas of patients with PE, but in different areas, and may increase neuronal activity in both the superior frontal and right medial frontal areas of the brain. The prefrontal cortex is crucial for cognitive control. 33 In particular, the dorsolateral prefrontal cortex is important for the inhibitory control of desire. 34 Taken together, both frontal areas may also be a part of the inhibitory ejaculatory control center of the cerebral neocortex, and sertraline may be associated with the cortically acting and inhibiting effects of sexual processing in patients with PE. The functional sites may be in both the superior frontal and right medial frontal areas of the brain.
The limitation of this study is lack of placebo control group. Small sample size is another study limitation. Although it has this limitation, this study represents a first description of action of SSRI in CNS of PE patients. Further studies using functional magnetic resonance imaging or PET are need for comparison with this study.
Conclusion
Sertraline may act in areas of the brain different from the disordered area in patients with PE. Sertraline may increase neuronal activity in both the superior frontal and right medial frontal area of the brain in patients with PE, and this may be associated with the inhibitory effects of ejaculation in such patients. Those areas may also be a part of the ejaculatory control center in the neocortex of the brain.
